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Tropical mountains are hot spots of biodiversity and endemism1–3,
but the evolutionary origins of their unique biotas are poorly
understood4. In varying degrees, local and regional extinction,
long-distance colonization, and local recruitment may all contrib-
ute to the exceptional character of these communities5. Also, it is
debated whether mountain endemics mostly originate from local
lowland taxa, or from lineages that reach the mountain by long-
range dispersal from cool localities elsewhere6. Here we investigate
the evolutionary routes to endemism by sampling an entire trop-
ical mountain biota on the 4,095-metre-high Mount Kinabalu in
Sabah, East Malaysia. We discover that most of its unique biodi-
versity is younger than the mountain itself (6 million years), and
comprises a mix of immigrant pre-adapted lineages and descen-
dants from local lowland ancestors, although substantial shifts
from lower to higher vegetation zones in this latter group were
rare. These insights could improve forecasts of the likelihood of
extinction and ‘evolutionary rescue’7 in montane biodiversity hot
spots under climate change scenarios.
In mountainous areas of the humid tropics, steep environmental
gradients coincide with high primary productivity and relative cli-
matic stability to sustain large numbers of species, often with strik-
ing degrees of endemism at higher elevations1,8. It has therefore been
recognized that tropical mountains are biodiversity hot spots of great
conservation value1, especially because endemics on mountain tops
are vulnerable to becoming trapped and then annihilated as a result
of global warming2,3.
The evolutionary origins of these unique biotas, however, are poorly
understood4. Like other insular habitats9, the endemic biota of an
isolated mountain results from complex dynamics among coloniza-
tion, in situ speciation, and local extinction. Each of these factors is
dependent on the age and size of the habitat, and on the environmental
contrast between the insular habitat and its matrix10. In the case of
a tropical mountain top, an added complication is the fact that
climate fluctuations may have widened and restricted the geographic
range over which the montane conditions have extended in the past,
meaning that parts of the endemic biota may be relicts, and other
components may be novel in character4,5.
Disentangling these possibilities for a single tropical montane
biodiversity hot spot requires molecular phylogenetic study of a large
number of fauna and flora elements. However, with only few excep-
tions11,12, evolutionary studies in such hot spots have been limited
to single taxa13,14. This precludes broad understanding of the evolu-
tionary and biogeographic origins of an endemic biota as a whole4.
We investigated the evolutionary routes to endemism by sampling
an entire tropical mountain biota on the UNESCO World Heritage site
of Gunung Kinabalu in Sabah, East Malaysia. We demonstrate that
most of its unique biodiversity is younger than the mountain itself and
comprises a mix of immigrant pre-adapted lineages as well as descen-
dants from local lowland ancestors.
At 4,095 m, Kinabalu is the tallest mountain between the Himalayas
and New Guinea. It is a solitary ‘sky island’, having emerged during the
Pliocene and early Pleistocene as a granite pluton within the surround-
ing sandstone of the Crocker Range, the latter having formed much
earlier, between the Eocene and the early Miocene15. Because of the
area’s tectonic activity, as well as Pleistocene sea level changes, the
exact historical progression of its elevation above sea level is not
known, but it is likely that a major rise, even beyond today’s elevation,
of Kinabalu, as well as the central spine of the Crocker Range, took
place between 6 million years ago and today (for more geological
background see Methods). Since the early days of its exploration16,
Kinabalu has been famous for its extremely high biological diversity,
especially its richness in endemic species, with endemism proportions
reaching 25–30% for some taxa17.
To unravel the origins of the exceptionally rich Kinabalu biota, we
mounted a Malaysian–Dutch expedition in which 47 taxonomists
worked at 37 localities, spanning the full range of elevations (Fig. 1).
We used Sanger sequencing to sequence one or more fast-evolving loci
for 1,852 individuals, belonging to 18 genera representing gastropods,
annelids, insects, arachnids, vertebrates, pteridophytes, bryophytes,
and angiosperms. We also obtained 3.7 million basidiomycete
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